Abstract
Thyroid peroxidase (TPO) is believed to play an essential role in the biosynthesis of thyroid hormone because of its ability to catalyze the iodination of tyrosine residues in thyroglobulin (Tg). Cytochemical studies using diaminobenzidine (DAB) staining for TPO have shown that TPO is distributed in exocytotic vesicles as well as the apical plasma membrane (Strum and Karnovsky, 1970; Tice and Wollman, 1972; Ofverholm and Ericson, 1984) , which is regarded as the principal site of iodination (Wollman and Wodinsky, 1955; Stein and Gross, 1964; Ekholm and Wollman, 1975) . However, some workers have disagreed with the localization of this enzyme in the apical plasma membrane both cytochemically and biochemically (Hosoya et al., 1971 (Hosoya et al., , 1972 De Wolf et al., 1978) .
A murine monoclonal antibody (mAb) to porcine TPO (mAb30.1.2) has recently been produced and applied for the immunohistochemical analysis of TPO localization. Although a small amount of TPO could be occasionally detected in the apical plasma membrane including microvilli, it has remained to be studied whether TPO located in the apical plasma membrane increases by stimulating with TSH (Nakagawa et al., 1985a, b 
Results
In order to determine whether TPO is located in the apical plasma membrane of follicular cells, membrane-immunofluorescent studies were done using partially disrupted follicles prepared by treatment with collagenase. Specific fluorescence on the apical membrane surface was observed to be as shown in Fig.1A .
Ten to20% of disrupted follicles showed specific fluorescence on their apical membrane surface. Three mAbs (33.1.1, 15.1.1and16.3.2) as the control demonstrated no fluorescence on the follicular cell surface (Table1).
These results suggested that TPO was located in the apical plasma membrane and that its epitope recognized by mAb30.1.2was exposed to the follicular lumen.
To characterize TPO located in the apical plasma membrane, follicles obtained by collagenase treatment were further digested with trypsin and then used to examine the immunoreactivity of TPO exposed to the follicular lumen. Digestion for30min with trypsin was found to be insufficient to remove the epitope of TPO on the apical membrane surface, but an additional30min of digestion could remove the epitope completely (data not shown).
To determine whether the epitope of TPO reappears on the apical membrane was then undertaken to determine whether TSH is able to accelerate the reappearance of the epitope on the apical membrane surface. When0.1U/ml TSH was added to the culture media, the epitope of TPO reappeared as early as30min after the initiation of incubation on a low percentage of disrupted follicles and the percentage gradually increased with time (Table2, lower row).
When dibutyryl cyclic AMP was added to the culture media at a concentration of1mM, maximally20mM, to study its influence on the reappearance of the epitope on the apical membrane surface, no effect was observed (data not shown). These experiments were repeated three times and all of them gave essentially the same result.
Finally, in order to estimate TPO activity on the apical membrane surface, it was examined whether DAB could be oxidized on the apical membrane surface. Disrupted follicles obtained by collagenase treatment showed a small amount of DAB oxidation products on the apical membrane surface but no DAB oxidation products were observed after60min digestion with trypsin (data not shown). As shown in Table3, when trypsin-treated follicles were stimulated with TSH and incubated with both DAB and H2O2, a small amount of DAB oxidation products on the apical membrane surface was observed5min after the initiation of the reaction and increased with time ( Fig.  2A ). Follicles incubated with only DAB showed faint DAB oxidation products on the apical membrane surface at15min but those incubated with only H2O2did not. DAB oxidation was completely inhibited by 0.1% NaN3 (Fig.2B) .
Disrupted follicles cultured without the addition of TSH for 60min began to oxidize DAB15min after initiation. TPO in the apical plasma membrane was thought to retain its inherent catalytic capability as peroxidase. follicles with specific fluorescence increase with TSH stimulation.
The epitope recognized by mAb30.1.2 on the apical membrane surface was removable from the cell surface by trypsinization and its reappearance took place after 120min of short term culture.
The reappearance of the epitope is either ascribable to newly synthesized TPO or to the movement of preexisting TPO to the outer surface of the plasma membrane. Although the latter possibility seems more likely because the turnover time of the epitope was only 30min with TSH stimulation, further study is necessary to clarify this aspect.
While dibutyryl cyclic AMP as well as TSH has been shown to induce TPO activity in vitro (Magnusson and Rapoport, 1985) , the reappearance of the epitope on the apical membrane surface was not accelerated by the addition of dibutyryl cyclic AMP. This result indicates that the TSH action on the reappearance of the epitope was not mediated by the adenylate cyclase-cyclic AMP system (Dumont et al., 1981) .
DAB oxidation products
were observed on the apical membrane surface of partially disrupted follicles5min after the initiation of the reaction, when both DAB and H2O2 were added.
In the absence of H2O2, a very small amount of DAB oxidation products was deposited at15min.
The latter observation may support the view that H2O2 is generated on the apical membrane surface through an enzyme system located in the apical plasma membrane (Bjorkman and Ekholm, 1984) .
The addition of NaN3to the reaction mixture inhibited DAB oxidation completely, in keeping with our previous report (Ohtaki et al., 1985) . Disrupted follicles cultured without the addition of TSH showed a small amount of DAB oxidation products on their apical membrane surface15min after the initiation of the reaction.
This observation suggests either that60min incubation without TSH is enough for a small amount of TPO activity to regenerate or that an additional15min incubation at room temperature makes TPO activity reappear.
In any case, TPO activity on the apical membrane surface of disrupted follicles treated with trypsin was regenerated by culturing with TSH. This activity corresponds closely to that of the epitope recognized by mAb30.1.2. In our previous immunohistochemical study, only a small amount of TPO could be detected in the apical plasma membrane (Nakagawa et al., 1985a) . Our present membrane-immunofluorescent analysis showed specific fluorescence on the apical membrane surface of10to20% of the disrupted follicles prepared by treating with collagenase.
And the number of fluorescencepositive partially disrupted follicles increased as much as30to40%
after stimulation with TSH for120min.
These results suggest that there is a little TPO in apical plasma membrane in the physiological state and it increases with additional stimulation of TSH.
